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p ABSTRACT

We present in figure form some of the hydrographic data collected on the

Scotian Rise in September - October, 1979 as part of the HEBBLE program

(Hollister et a, 1980). Five full water column 0 and S cross slope transects

are presented together with onej'a4 transect for comparison. Selected surface

to bottom computed geostrophic velocity profiles are also presented.

To focus further on conditions near the ocean bottom, six near bottom,

cross slope 0 transects and e profiles at all stations in the lowest 350 m are

shown. All six near bottom e transects show a distinct body of cold water

above the bottom near the base of the Scotian Rise. The 0-350 mab 0 profiles

show that in this distinct body of cold water the bottom mixed layer is

sometimes layered and is the distinct body of cold water.

' L

- x

*1-

I.

/I
//11



TABLE OF CONTENTS

Page

ABSTRACT ii

TABLE OF CONTENTS iii

LIST OF FIGURES iv

DATA COLLECTION AND REDUCTION 1

ANALYSIS AND DISCUSSION 1

ACKNOWLEDGEMENTS 4

REFERENCES 5

III



LIST OF FIGURES AND TABLES

PAGE

Figure 1 Chart of HEBBLE Area 6

Table 1 Example of Hydrographic Data 7

Figure 2 Potential Temperature Section - 8

Transect Stations 2-8

Figure 3 Potential Temperature Section - 9

Transect Stations 9, 10, 12, 13

Figure 4 Potential Temperature Section - 10

Transection Stations 18-23

Figure 5 Potential Temperature Section - 11

Transect Stations 30-34

Figure 6 Potential Temperature Section - 12

Transect Stations 36-41

Figure 7 Salinity Section - 13

Transect Stations 2-8

Figure 8 Salinity Section - 14

Transect Stations 9, 10, 12, 13

Figure 9 Salinity Section - 15

Transect Stations 18-23

Figure 10 Salinity Section - 16

Transect Stations 30-34

Figure 11 Salinity Section - 17

Transect Stations 36-41

Figure 12 Sigma-4 Section - 18

Transect Stations 2-8

iv



LIST OF FIGURES AND TABLES

PAGE

Figure 13 Near Bottom Poteitial Temperature Profile 19

Cast 1

Figure 14 Near Bottom Potential Temperature Profile 20

Casts 2-3

Figure 15 Near Bottom Potential Temperature Profile 21

Casts 4-7

Figure 16 Near Bottom Potential Temperature Profile 22

Casts 8-11

Figure 17 Near Bottom Potential Temperature Profile 23

Casts 12, 13, 16, 17

Figure 18 Near Bottom Potential Temperature Profile 24

Casts 18-21

Figure 19 Near Bottom Potential Temperature Profile 25

Casts 22-25

Figure 20 Near Bottom Potential Temperature Profile 26

Casts 27-30

Figure 21 Near Bottom Potential Temperature Profile 27

Casts 31-33

Figure 22 Near Bottom Potential Temperature Profile 28

Cast 34

Figure 23 Near Bottom Potential Temperature Profile 29

Casts 35-38/39

Figure 24 Near Bottom Potential Temperature Profile 30

Casts 40-43

V



LIST OF FIGURES AND TABLES

PAGE

Figure 25 Near Bottom Potential Temperature Profile 31

Casts 44, 45, 46, 50

Figure 26 Potential Temperature Section - 32

1.850C and Colder - Transect Stations 4-9

Figure 27 Potential Temperature Section - 33

1.85°C and Colder - Stations

9, 10, 12, 13, 16

Figure 28 Potential Temperature Section - 34

1.850C and Colder - Stations 18-23

Figure 29 Potential Temperature Section - 35

1.85°C and Colder - Stations 30-34

Figure 30 Potential Temperature Section - 36

1.85°C and Colder - Stations 36-41

Figure 31 Potential Temperature Section - 37

1.850C and Colder - Stations 42-46

Figure 32 Geostrophic Velocity Profiles - Station Pairs Used 38

Are Indicated

vi



!
I

DATA COLLECTION AND REDUCTION

The hydrographic data presented here were collected as part of the

HEBBLE program (cf. Hollister et a], 1980) between 9 September 1979 and 1

October 1979 from the R/V KNORR (KNORR 74 cruise) by the Optical Oceanography

Group at Oregon State University (OSU) using a Neil Brown Instrument System

CTD provided by the Scripps Institute of Oceanography. Full water column

continuous profiles of temperature and salinity were made at the 44 stations

indicated in Fig. 1. The data were processed by the Optical Oceanography

Group at OSU and made available to us by H. Pak in the computer form shown in

Table 1. The printout conductivity data were offset at OSU to agree with the

so-called Worthington-Metcalf line for the North Atlantic; we refer the

interested reader to H. Pak or D. Menzies at OSU for further details.

Attached to the CTD was a transmissometer developed by the Optical

Oceanography Group at OSU and transmlssivity values obtained from this

instrument were also listed in the data made available to us (cf. Table 1).

We do not consider the transmissivity data in this report.

ANALYSIS AND DISCUSSION

Our basic objectives in examining the KNORR 74 hydrographic data were

to provide input information for numerically modeling the bottom boundary

layer in the Scotian Rise area and to assemble a set of bottom mixed layer

observations for comparison to our numerical model (e.g. Weatherly and Martin,

1978) predictions. This is a report of this study.

A study of another benthic boundary layer over a continental margin

(Weatherly and Martin, 1978) showed the necessity of knowing the background
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hydrographic field above the boundary layer in a plane normal to the

geostrophic flow. Previous studies in the Scotian Rise area indicate that the

deep geostrophic currents there are aligned along isobaths. Hence transverse

to deep geostrophic current hydrographic transects in the Scotian Rise area

are approximately cross-isobath sections. Thus we decided to examine

hydrographic transects normal to isobaths. To obtain more synoptic

information we restricted ourselves to sections which were completed in

several days time. We examined five transects (elapsed time in parentheses):

(1) Stations 2-8 (3 days, 2 hours); (2) Stations 9, 10, 12, 13 (2 days, 14

hours); (3) Stations 18-23 (2 days, 15 hours); (4) Stations 30-34 (1 day, 21

hours); and (5) Stations 36-41 (2 days, 3 hours). Potential temperature and

salinity were contoured for each transect (See Figures 2-11). The gross

structures of the potential temperature and salinity are similar in the lowest

several thousand meters for each transect. Sigma-4 data was also contoured

for Stations 2-8 (Figure 12). Qualitatively the density data structure is

similar to that of the potential temperatures (cf. Figures 2 and 12). Only

data from down casts were used in these and subsequent analyses,

Profiles of potential temperature in the lowest 350 meters are shown

for each station (Figures 13-25). The bottom potential temperature and depth

are indicated under each plot. The potential temperature was plotted to the

nearest meter for each data point. Due to wider ranges in potential

temperature, the three shallowest stations required a more reduced temperature

scale than the deeper stations. Generally the bottom mixed layer (BML)

thickness ranges from about 10 meters to several ten's of meters. A notable

exception is Station 42; the BML thickness there is 430 meters. The form of

the profiles varies considerably.

Often, but with exceptions, the BML's near the base of the rise

2



(depth about 4900 m) are capped by larger temperature jumps (e.g. Station 19)

than those further upslope (e.g. Station 18) and downslope (Station 22). Some

of the layers capped by larger temperature jumps have a layered structure

(Station 37).

Because of the generally larger temperature jumps capping the BML's

near the base of the Scotian Rise, potential temperature transects were redone

to give finer resolution near the base of the rise. The transect for Stations

2-8 was modified by eliminating Stations 2 and 3 (outside area of interest)

and including Station 9 in order to obtain a station further into the Sohm

Abyssal Plain. The transect of Stations 9, 10, 12, and 13 was extended to

include Station 16 in order to have a shallower station taken in a comparable

time frame (elapsed time: 3 days, 15 hours). The transect for Stations 42-46

(elapsed time: 2 days, 4 hours) was added to obtain a repeated section. The

region of interest is near bottom and only isotherms 1.850C and colder are

presented. The contouring interval chosen was .005*C. The data are from

discrete rather than yoyo'ing casts and the thickness of BML between stations

is unknown. The contours intersecting the bottom between stations are dashed

to emphasizp this fact.

In all the transects a distinct body of cold water is found above the

bottom near the base of the ripe. In five of the transects this feature is

centered about the 4850 m to 5000 m isobaths; in the remaining transect,

Figure 27, it is centered further up the rise near the 4500 m isobath. The

width and thickness of this feature is about 100 km and 50-100 m. Comparison

of Figures 13-25 with Figures 26-31 show that, in all casts made in the core

of this distinct body of cold water at the base of the rise, the BML is capped

by a large temperature jump.

The Stations 18-23 section, Figure 28, extends furthest out onto the

3
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Sohm Abyssal Plain. In this section another distinct body of cold water

extending onto the abyssal plain is seen. Such a feature is often seen in

other hydrographic sections extending onto the abyssal plain in this area (eg.

McCarney et l, 1980, Fig. 3).

Using the dynamic height calculations provided by OSU (eg. Table 1),

full water column geostrophic velocity profiles were calculated for selected

stations. These are shown in Fig. 32. The level of no motion was selected

arbitrarily as 1200 m.

ACKNOWLEDGEMENTS

The work of the Optical Oceanography Group at Oregon State University

in deploying the CTD and processing its data is gratefully acknowleged,

together with the efforts of all other HEBBLER'S aboara the 74th cruise of the

R/V KNORR.

Prepared under a grant with the Office of Naval Research (contract

N00014-75-C-020).

4



I REFERENCES

I
Weatherly, G. L. and P. J. Martin, On the structure and dynamics of the

joceanic bottom boundary layer, J. Phys. Oceanogr. 8, 557-570, 1978.

I Hollister, C. 0., A. R. M. Nowell and J. D. Smith, The third annual report of

the High Energy Benthic Boundary Layer Experiment, Woods Hole

Oceanographic Institution Technical Rep. WHO1-80-32., 48pp., 1980.

McCartney, M. S. , L. V. Worthington and M. E. Raymer, Anomalous water mass

distribution at 55 W in the North Atlantic in 1977., J. Mar. Res.,

38, 147-171, 1980.

I
I
1 5

Ii



0 0 0 0 0 l0

0 00 0 0 0
w (r-- Go M 0 r

tC)
00

0l

\0.

LOU

00

0 0 .

N -00

ODj 0'

6t



C; C;m*0 0 0 0 N

. . . . . . . ..

m- w00w 00 000a,

co 'a oo o

cm G

CDO

It I00 . N .9 : a? i

InM1%11

'-'-% z H g--0

000-.N*4.4
N C CY w w fJ



0 o) 0 of 0 n 0 L

0 (0 fi C C
cDD

o c1

LAJ

00

0 - N rO t

8C



0 0 0 Lo to 0 0o

wid6 in Pi

CCD

LA-

E

0

N0

(wM1 q~dag]



0o0 to 0 in 0 O

c C
00

C c.

00

0~i

0

(wMj) qtdao]

10



0 0 0 0 n

K')

C~LC)

00

C~CD

(wM) q~d-4



o 00 oi 0 in 0 in0

N -0

00

Qo

rO--

0(

LOI

(WMj) L44daO

12



co 0 - (9 LC 4TtV rn C- 0

W)~ m 9 K)re fn ri) Ff) f f) ff) Vcoa

// /

CLDJ

LL.

c 0

(1

E

0 j
0 0 0 0

13



OD w -; r

U~oi 0 a! a) N 0)MC

0
0

0
C!)

E
0l
0

(w~) L~rd C

14



(n ~ ~ ~ ~ . -D P- t0f I )

in W)1 uO W) W) mO 10011 10 to W) W)p

0 ON

L&J

(-F))

0

0)

ino in 0 In

0

(wMj) qldaOG

J 15



j~
V) U tD) cJ

00

I --

le)-
// 0\ Kpr)

C~I,,

(WI ldI

/1



I- (D Lf) 4T M-

0)0

0-

0

rro

coU))

(D±

Fn It f)

-Y--

0
0

0-C\Jo '

(W>1) q.jdaeg

17



0 0 0 00 00 N c'(Q 0 T00 ( D 0 -

Lfli

(0

18 0



I

350-

300

Z(m)

200-

100- .30 0C

01
4.534
784

FIGURE 13

19



350- 2 3

300-

Z (M)

200-

100o .300C

2.811 1.943
2585 3592

FIGURE 14

20



4 5 6 7
350•

Z 5

300-

%

Z(m) ;

200 P I "

.

21

/ ,/
1 :1

I I

I•
" 03° i

1.812 t.824 1.821 1.814
4247 4535 4728 4907

FIGURE 15

[ 21

r.. ...._-----



8 9 10
350,

300-

Z(m) :

" i"

200

1. 8 1 3 18 3 1.1

,i I

I F U 1

1.787 1.832 1.823 1.810
5017 5056 5020 4888

FIGUJRE 16

22



1213 16 17:350 ,•

100*

300 /030*

,4 : .:

200 :.

S e S

S S *

* "* . : S

t I

, . 8

I S:

. 1 : •

Qii
I01-.82 1.80 .9 .2

495 476 " 442 65

FIGURE,1

23 J
i # # -A



18 19 20 21350 :
* /

-00
*..* j

100-

300, 3

Z(m) ! , .

• '

200

.* • "

* *! *

1.0 15 1.7 172

100 18

t I 2

U!s .1

1.80)5 1.750 1.7735 1.782
4664 4853 4904 5018

FIGURE 18

24



22 23 2425
350 "

* I°* a:

*" :

300 .'

Z(m) .

100-

* .

200 " I . a

F 1

• 425

. I , *. ,• 100 •
: 3o

I t
r 11 "S-- '-

.. I .:1 / •

1.786 1742 1.774 1.786
5048 5162 5056 4956

FIGURE 19

25



27 28 29 30350-

300

Z(m) f1 , . . .

• 3

200"
* ." •.

I

1001

10

FIGE 20

- :2

.I"i"

I ILi'

: II

,.3 1.2 -.0 1.82
493 474 476 496

FIGUE 2

II t 26



I

31 32 33
350-

I I

300 : ,
* II

Z(m),
* It

* 0 II

200
* * u

* .

* S,

* -

100 •

,I.03 0C

1.812 1.816 1.835
4872 4757 4558

FIGURE 21

27

• I



34_350-

300

Z(m)

200

100

.030C

01.883
3716

FIGURE 22

28



35 36 37 38/39

300 )Z (M)

* I•

30 I S

2 I
1 5

Z(m)

1000

Id

200
e• I

; •

s I

!," ..2 .,4
I I "

•.823 1.819 1.772 1.762
4597 4728 4904 4930

FIGURE 23

29



4041 42 43
350 : :

* .
e

300:

• *.

Z(M)" : :

200:

* . ;.

* t.

100- *

* I

* * to

030

1.776 1.8141.836 1.789
5023 50635062 5016

FIGURE 24

30

I00 - , .. j



44 45 46 50
350-

I • I

300 " "

200-
. L

31t

200 I *:

.. •

( I °°

I °

J

0 I
1.805 1.823 1.826 1.811
4958 4494 4111 4930

FIGURE 25

31



4000

e

4200

4400~

4400-

4800-

5000- 18

4 5 6 7 8 9
Station

FIGURE 26

32



4200- e

4400 '

1.80

4600

(Mn)

4800 1.85

16 13 12 10 9
Station

FIGURE 27

33



47

1.85

4400
1.83

4600 8.8

4800

V5;90 21222
Station

FIGURE 28

347



3800-

e

4000-

4200-

Depth
(in)

4400-

4600-

4800-

5000-11
34 33 32 31 30

Station

FIGURE 29

35



4200-

4400-

Depth
(Mn) 1.85

4600

1.83

4800

36 3738 40 41
3 Sta tion

FIGURE 30

36



I

4000

e

4200

4400

Depth 
1.85

(M)

4600-

ii

5 f
• J / -I.83:

4800 KM sail

4.,300_ , -.---.

-I II

/ t 1"TQ I II

I i i~ J Il I

5000 - 00 KM I / . ',,

46 45 44 43 42
Station

FIGURE 31

37



W-

01
400

a 0 0

z 0 3r
InF

In 0

4~0.

I . -

0. 0 04

of 0.41

w 0 W38



MANDATORY DISTRIBUTION LIST

FOR UNCLASSIFIED TECHNICAL REPORTS, REPRINTS, AND FINAL REPORTS
PUBLISHED BY OCEANOGRAPHIC CONTRACTORS

OF THE OCEAN SCIENCE AND TECHNOLOGY DIVISION
OF THE OFFICE OF NAVAL RESEARCH

(REVISED NOVEMBER 1978)

Deputy Under Secretary of Defense
(Research and Advanced Technology)
Military Assistant for Environmental Science
Room 3D129
Washington, D. C. 20301

Office of Naval Research
800 North Quincy Street
Arlington, VA 22217

3 ATTN: Code 483
1 ATTN: Code 460
2 ATTN: 102B

Commanding Officer
Naval Research Laboratory
Washington, D. C. 20375
ATTN: Library, Code 2627

12 Defense Documentation Center
Camron Station
Alexandria, VA 22314
ATTN: DCA

Commander
Naval Oceanographic Office
NSTL Station
Bay St. Louis, MS 39522

1 ATTN: Code 8100
1 ATTN: Code 6000
1 ATTN: Code 3300

NODC/NOAA
Code D781
Wisconsin Avenue, N.W.
Washington, D.C. 20235



DAT

FILM


